bag of irritative cellophane, thus producing the perinephritic hypertension described by Page (7) . The bag was put on at the same time as the explantation. In other trained dogs, a Goldblatt clamp (8) was placed on the artery of the explanted kidney after 1 or 2 weeks of recovery from the explantation.
The intrarenal pressure was measured by the method of Swarm and his coworkers (9, 10): a cannula with lateral holes (actually a modified 20-gauge needle) is thrust into the body of the kidney. Then a nearly isometric manometer, previously stretched with saline to a pressure of 100 mm. Hg, is allowed to discharge through the cannula. Its initial high pressure forces a small volume of saline (about 5 cram.) into the renal parenehyma; as it discharges, the manometer pressure falls until no more fluid is forced in. It is at this point that the manometer's pressure is interpreted as being the same as intrarenal pressure. Optical recording of the manometer pressure is made during the procedure. The validity of this method for measuring intrarenal pressure has recently been shown by the demonstration that it gives the same pressure as simultaneously determined pressures in the renal arcuate veins: the two pressures correlate well together when various experimental maneuvers are carried out which cause changes in pressure ranging from 6 to 73 mm. Hg (11).
The caunula used for measuring the intrarenal pressure was thrust through the skin and directly into the kidney in its subcutaneous position. No anesthesia was employed; the trained dogs gave no evidence of pain from either the arterial or the renal punctures. Measurement of both pressures was taken once or twice a week.
~S~T S
Controls.--A group of 6 dogs, with unilateral nephrectomy and contralateral renal explantation, but without further manipulation, served as controls. Their blood pressure and intrarenal pressure (to be abbreviated as I R P ) were measured periodically over 3 months. Just after operation, their systolic pressures averaged 144 ram. Hg, diastolic pressures averaged 89 ram. Hg, and their I R P ' s averaged 24 ram. Hg. During the next month, the three pressures averaged, respectively, 154, 97, and 25 ram. Hg; during the 2nd month the pressures averaged 166, 103, and 27 ram. I t is apparent that neither the initial surgery nor the technical procedure used for measurement caused any obvious hypertension or any elevation in I R P .
Perinephritic Hypertension.-- Fig. 1 shows the record of a single animal (No. 4) during 3 1/~ months of hypertension. Trend lines have been drawn through the pressures observed. The I R P rose rapidly for a week and then continued to rise more slowly, leveling off at about 50 mm. Hg. The diastolic pressure also rose, lagging somewhat behind the rise in I R P , until a level of about 170 ram. Hg was reached. Four more dogs showed the same general pattern of reaction. The data for all animals are assembled in Table I , the figures presented being average readings for the indicated periods. I t is apparent that a pronounced rise in I R P occurred, along with marked hypertension. The I R P rose from a preoperative level of 25 mm. Hg to a final level of about 60 mm. The diastolic blood pressure increased from its preoperative level of 95 ram. to 148 mm. at 4 weeks and 166 at 10 weeks; the systolic pressures rose from the control level of 145 mm. to 214 mm. at 4 weeks and 233 ram. at 10 weeks. 
Daqs o~ Perinephritis
FIe. 1. Diastolic blood pressure and intrarenal pressure during perinephritic hypertension. Both a systolic and a diastolic hypertension were involved. All five dogs experienced a rise in IRP that outstripped, in its early phase, the rise in blood pressure. Thus, after about 9 days, their average IRP had increased to 52 mm. Hg, 27 ram. above the IRP at operation, whereas the diastolic blood pressure in this same interval rose to 111 mm. Hg, only 16 mm. above the preoperative level. By 3 to 4 weeks, however, the IRP had increased only 10 mm. Hg more while the blood pressure increased 37 ram. more. Evidently, the IRP rose first in this experiment, to be followed by the rise in blood pressure. In all dogs, the IRP apparatus signaled pressure pulses in the renal parenchyma as soon as the dogs became hypertensive. Whereas with the equipment as presently designed these are never visible at low IRP's; at high IRP's they are always present. It is difficult to appraise them in any but a qualitative way because of limitations in our apparatus, but the following observations were made: their magnitude varied from a few ram. up to 12 ram. Hg; the higher the IRP, the greater the pressure pulses became; their magnitude varied when the cannula was inserted in different regions of the kidney, but it was impossible to find any region where they were absent.
T A B L E II

Intrarenal Pressures and Blood Pressures during Goldblatt Hypertension
None of the dogs could be observed for more than 82 days postoperatively (Table I ). The repeated puncturing of the skin over the kidney led in each case to ulceration because of the irritative cellophane in the subcutaneous tissue. These lesions rapidly became worse, eventually necessitating sacrifice of the animals.
Goldblatt ttyperlension.--In five dogs a Goldbiatt clamp was placed on the renal artery some time after explantation and unilateral nephrectomy. Table  II shows the IRP's and blood pressures observed. Three of the dogs died of malignant hypertension at about 83 hours, with postoperative urinary output absent or minimal. Obviously the artery clamp was put on too tightly. Their average blood pressures rose precipitously from a prehypertensive level of 142/91 to an antemortem level of 201/154. The IRP in 2 of these 3 dogs fell to 8 to 9 mm. Hg.
The remaining two dogs died in uremia at about 20 days. They also showed a pronounced hypertension: preoperatively their blood pressures averaged 133/88; just before death it had risen to 217/130. Their IRP's ranged from normal to slightly elevated. No pressure pulsations were observed in the apparatus used for measuring IRP in this group of 5 hypertensive dogs.
DISCUSSION
These data appear to us best interpreted in terms of renal ischemia: in the Goldblatt hypertensives, the arterial clamp reduces renal blood flow; in compensation systemic pressure rises by humoral and perhaps other mechanisms (12) . In the perinephritic hypertensives, the high intrarenal interstitial pressure, in effect, works to collapse all blood vessels. In order for blood flow to occur, renal intravascular pressures, therefore, must all exceed intrarenal pressure. Hence we may consider that the intrarenal pressure opposes systemic arterial pressure; the effective perfusion pressure is therefore low, ischemia occurs and in compensation the systemic pressure rises by the same mechanisms as in Goldblatt hypertension. As a first approximation, effective renal perfusion pressure is diastolic pressure less intrarenal pressure, or, in the normal dogs, 95 less 25, or 70 mm. Hg. Now if the intrarenal pressure rises to 60 ram., the effective perfusion pressure would be 95 less 60, or only 35 ram. Hg. Thus a severe ischemia would result: blood flow would be greatly reduced as the fibrous, perinephritic hull, formed in response to the irrkative cellophane, compresses the kidney and increases intrarenal pressure. In compensation, the systemic blood pressure rises and the reduction in blood flow through the kidney is in part corrected.
It is probable that the elevated intrarenal pressure imposes its resistance primarily at the junction of arcuate and interlobar veins. From hydrodynamics if a pressure is imposed on the outside of a long elastic tube through which fluid is flowing, the imposed pressure exerts its resistance to flow just at the point where the fluid escapes from the imposed external pressure. Fig.  2 shows a model constructed to study the phenomenon (13) . When in operation, a strong constriction forms, as shown by the dotted lines, between A and B. The pressure at A is just greater than the pressure T, while the pressure at B, only a few millimeters down-stream, drops almost to 0. The same sharp pressure drop takes place in the venous effluents of the kidney: just at the junction of the arcuate veins with the inteflobar viens, the pressure falls abruptly from 25 to 7 ram. Hg (11). Furthermore, in the model, the greater the pressure imposed on the elastic tube, the more marked is the constriction at the system's effluent. In the perinephritic kidney the high intrarenal pressure is presumed to act in exactly the same way: it increases the constriction at the venous arcuate-interlobar junction. Probably arcuate venous pressure /-¢ FIG. 2. Model to study fluid flows through an elastic tube. Reservoir H delivers water into elastic tube E (Penrose tubing). This is surrounded by the rigid, water-filled cylinder K, upon which is imposed pressure T. Air bubble C prevents the system from "bouncing."
is about 60 mm. Hg, while interlobar venous pressure, just a few millimeters distally, is about 7 mm. Hg. It is apparent that this interpretation localizes the major resistance to blood flow during perinephritic hypertension in the venous effluents of the kidney. Goldblatt hypertension and Page hypertension differ, then, only in the locus of the resistances put in the renal vascular system: in Goldblatt hypertension, it is set on the arterial side and in Page hypertension it is set on the venous side. Other examples of effluent resistance hypertension are those caused by partial constriction of the main renal veins (14, 15) and by compression of the kidneys by wrapping them in tape (16) . In the perinephritic hypertensive dogs, with blood pressures at 10 weeks of 170 ram. Hg, we should therefore have observed, if the above relation holds, an IRP of 47 ram. Hg. But the pressure actually observed was 58 rum. Hg. Hence it is apparent that formula (1) does not apply to these perinephritic hypertensives. The explanation is obvious: the normal kidney responds to an increase in blood pressure with an increase in volume (17) (18) (19) but the perinephritic kidney, incarcerated in a stiff fibrotic hull, cannot expand and therefore the increase in pressure energy results in an increase in internal pressure. In fact we may guess at the relation in hypertensives by substituting an IRP of 58 and a blood pressure of 170 in the same type of equation as (1) and then compute the slope of the relation of the two variables. It comes out to be 0.29 (the constant 9.4 is used): for each millimeter rise in blood pressure in the hypertensive dogs, the IRP rises 0.29 ram. The IRP, therefore, rises a third again faster in the perinephritic hypertensives, in response to a rise in blood pressure, than it rises in normal dogs. A change in the opposite direction would, of course, be expected in the Goldblatt hypertensives: in them, each millimeter rise in systemic blood pressure would cause, perhaps, a 0.1 millimeter rise in IRP.
There has been much debate about renal ischemia as the cause of these experimental hypertensions. The only direct measurements of renal blood flow furnish strong confirmation of the hypothesis that renal ischemia does indeed occur (20) . The indirect measures of flow also usually show the presence of renal ischemia; but in some cases they show none (5, 21), as, for example, in the single dog with perinephritic hypertension which was studied by Corcoran and Page (5) . The latter type of finding can best be explained by supposing that the dogs showing it are very well compensated--that renal blood flow is virtually normal because the animals are so hypertensive. When in such dogs the renal blood flow decreases very slightly, the appropriate hypertensive mechanisms come vigorously into play. But the decrease in flow is too small to be detected by the clearance technics; they are too crude and too uncertain to do this. In the majority of cases, of course, blood flow, even by the uncertain indirect methods, is clearly lowered.
In all the perinephritic dogs of the present study the intrarenal pressure rose faster at the start than did the blood pressure. The high intrarenal pressure came first and therefore presumably caused a compensatory rise in blood pressure. But this interpretation leaves us dissatisfied: as we view the compensatory mechanism in renal ischemia, it is constantly at work, adjusting the blood pressure from hour to hour, as, for example, in shock (22, 23) or in malignant Goldblatt hypertension (see Results). If this is true, the blood pressure rise should have kept pace with the rise in intrarenal pressure; it should not have lagged behind as much as it did. The observed rates of change in the two variables, therefore, are, in our view, still somewhat puzzling.
The changes in intrarenal pressure of the dogs with a Goldblatt clamp are readily understood when formula (1) above is considered. In two of the three dogs with malignant hypertension, the intrarenal pressure was found, when measured 8 to 12 hours before death, to be 8 to 9 mm. Hg. This, however, is the intrarenal pressure of kidneys without blood flow (17); obviously these dogs' kidneys were receiving only minimal quantities of blood. Their ischemia was extreme. In the two dogs with acute hypertension, the IRP's ranged from normal to slightly elevated. Because renal arterial pressure distal to the clamp is lower than normal (24), one would expect the systemic pressure to be high if the intrarenal pressure, dependent in part on renal blood pressure as it is (17), is to be maintained at its normal level. Corcoran and Page (5) and Kohlstaedt and Page (25) have suggested that a reduced pulse pressure is in some way responsible for the hypertension observed in the two types of experimental renal hypertension here studied. Another and similar hypothesis is that of Ogden (26) who suggested that a decrease in the expansile pulsations of the kidney is responsible. The Goldblatt clamp or the perinephritic hull, they reason, reduces the intrarenal systolic pulse pressures or the systolic volume pulses and this change somehow invokes the hypertensive response. Our data clearly disprove the pulse pressure hypothesis for in the perinephritic kidneys the pulse pressure, instead of being reduced, was, by the available criterion, actually increased. From hydrodynamic considerations, indeed, pulse pressures will always be greater in incarcerated organs like the eye or the brain or the perinephritic kidney. As pointed out above, these organs cannot readily increase in volume with rises in blood pressure. Therefore, the increased energy accompanying systole must necessarily be carried as increased potential energy; i.e., increased lateral pressure. In illustration, the eye in glaucoma with its accompanying high intraocular pressure, has an unusually high pulse pressure (27) . Exactly the same situation holds for the perinephritic kidney.
The volume pulse hypothesis of Ogden also appears to us unlikely from the hydrodynamic point of view. It holds well for Page hypertension. But volume pulses in Goldblatt hypertension are probably normal or increased, and not decreased, for this reason: a low blood pressure distal to the arterial clamp would mean a smaller renal volume (17, 18) and therefore increased distensibility of the whole organ within its capsule. The latter could be expanded more easily with each systole and would have, if anything, an increase in systolic expansile pulsations. Again, the situation is illustrated by the eye: with low blood pressures, intraocular expansile pulses become greater (Bibliography reference 27). In summary, the two types of kidney do not share the same pulsatile changes and so we cannot ascribe hypertension to such changes. What they do share, of course, is ischemia.
We suspect that high intrarenal pressure is fundamentally responsible for the hypertension of much renal disease. Our working hypothesis is this: wherever tubular disease of the constrictive fibrotic type occurs, with contracted, scarred kidneys, there tends to be a high intrarenal pressure. This reduces the effective perfusion pressure, hence ischemia occurs and then in compensation hypertension. In all such conditions, a larger portion of the peffusion pressure is transmitted to the renal parenchyma as potential energy, rather than utilized as flow energy. This group includes the hypertensions characteristic of late pyelonephritis and chronic glomerulonephritis. Similarly, the irregular hypertensions of urinary obstruction, lithiasis, polycystic disease, and renal tumors are thought due to raised intrarenal pressure. In all of these, it is surmised, the offending lesion raises the intrarenal pressure, uniformly in some diseases and rarely in others; unless, it is postulated, the lesion increases intrarenal pressure, hypertension does not result. On the other hand, wherever glomerular disease is primarily involved, no elevation of intrarenal pressure presumably occurs and hence the hypertension cannot be ascribed to it. This includes glomerulonephritis in its early stages; the hypertension often observed here is thought comparable to experimental Goldblatt hypertension.
It is apparent that we have, in drawing up this hypothesis, divided the renal hypertensions into two types: the one, ischemia due to raised arterial or arteriolar resistance (like experimental Goldblatt hypertension)---caused by an influent resistance--and the second, ischemia due to raised venous resistance (like experimental Page hypertension) from the high intrarenal pressure--caused by an effluent resistance. The natural history of the establishment of one or the other of the two resistances is thought to vary with each disease. Furthermore, it is postulated, the establishment of either of the two resistances leads to the imposition of the other. An influent resistance leads to an effluent resistance and v/ce versa, and hence the vicious circle so characteristic of renal hypertension (28, 29) is set up. For example, in late pyelonephritis the interstitial fibrosis causes an increase in intrarenal pressure which leads to ischemia and compensatory hypertension. Because the resistance is primarily in the venous effluent, the renal vascular bed proximal to the resistance is subjected to the battering action of a high blood pressure. This leads to renal arteriolar sclerosis, just as, for example, blockage of the pulmonary vascular bed with schistosome ova leads to pulmonary arteriolar sclerosis (30) . As the renal arteriolar sclerosis develops, an increased resistance to blood flow is gradually set into the arterial influent. Then this leads to further ischemia, which leads to further hypertension and so on through more cycles of the vicious circle. Similarly, pathological end-results indistinguishable from arteriolar nephrosclerosis are often noted in obstructive and suppurative nephrot>-athies. ~ In contrast, the natural history of the two resistances during glomerulonephritis is different: the initial glomerular inflammation first causes an Evidence against the present hypothesis is furnished by cases of acute pyelonephritis with pain and tenderness. The pain suggests that these kidneys are very tense; hence hypertension should result. But, notably, the condition is often unaccompanied with hypertension. Likewise, hypertension is usually absent in acute suppurative perinephrit~.
INTRARENAL PRESSURE AND HYPERTEI~SIOIq influent resistance hypertension. This appears to be somehow compensated during the nephrotic stage, perhaps by a loosening of the capsule. But then in the chronic stage, with hyalinization of the glomemlar tuft, an irdluent resistance is reestablished. This leads to ischemia of tubular vascular units distal to the tuft, which induces scarring and contraction and, in turn, the imposition of an effluent resistance. In the chronic stage, therefore, in summary, both influent and effluent resistances are involved in the vicious circle.
The hypothesis that essential hypertension is primarily caused by an increased renal effluent resistance will be considered in a subsequent report.
SUM'ARY
The intrarenal interstitial pressure was measured during the course of experimental renal hypertension in dogs. In perinephritic hypertension, produced by wrapping the kidney in a cellophane bag, the intrarenal pressure rose slowly from the normal value of 25 mm. Hg to a final level of about 60 ram. Hg. Strong pressure pulsations were observed in the renal parenchyma during this type of hypertension. In the hypertension following partial occlusion of the renal artery, the intrarenal pressure remained approximately normal, except in malignant hypertension when it tended to decline to about 9 mm. Hg.
The hypertension of perinephritis is interpreted as a consequence of renal ischemia, the high intrarenal pressure, produced by the constricting fibrotic bull, acting to reduce the effective perfusion pressure of the kidney. The two experimental hypertensions herein examined are considered as examples of influent resistance hypertensions and effluent resistance hypertensions, the former being due to renal arterial or arteriolar resistance and the latter due to renal venous resistance, specifically at the arcuate-interlobar junction. The application of this concept to renal hypertensive disease in man is discussed.
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